Urban wastelands are important substitute habitats for many insect species, but their value for the protection of wild bees is still poorly studied. We assessed species richness, abundance, and the diversity of wild bees in wastelands that differed in area (2-35 ha), stage of ecological succession, location (suburbs or closer to the city centre), and history of land use. In the investigated plots, we recorded 42% of all bee species reported from Poland. The attractiveness of wastelands was positively correlated with the coverage of blooming herbs, coverage of shrubs and low trees, and the area of the wasteland. An increase in isolation of the habitat patches, the percentage contribution of alien species, annuals, and low grasses (< 25 cm) negatively affected the diversity of Apiformes. Considering the history of land use, we found that the bees were most attracted to wastelands resulting from extractive industry (sand and clay pits), and grassy habitats located in the suburbs, e.g. at sites grazed earlier by sheep. Wastelands in areas directly influenced by the chemical industry were the least attractive to bees. Analyses of quantitative and qualitative similarity of bees in various habitat types showed that three habitat types were the most similar to grasslands in the suburbs (the least disturbed habitats): degraded grasslands located closer to the city centre, extraction pits, and old fields. The presented results indicate that urban wastelands, including some post-industrial sites, can be important secondary habitats for wild bees. Thus, proper management of urban natural resources should cover both the formally managed areas and the so-called unproductive spaces, which have been undervalued so far.
Introduction
The growth of urban areas is observed worldwide, and the expanding cities cause significant changes in the environment (Aronson et al. 2014; Shochat et al. 2010; McDonnell and Hahs 2008; McKinney 2002) . Although urbanization threatens many animal species (McKinney 2006 (McKinney , 2008 Fortel et al. 2014; Concepción et al. 2015; Hamblin et al. 2018) , numerous studies show that urban areas also play a positive role in preserving biodiversity and often function as secondary habitats for some species (Lundholm and Richardson 2010; Menke et al. 2011; Holzer 2014; Eckert et al. 2017; Hall et al. 2017; Banaszak-Cibicka et al. 2018) . Urbanization transforms a homogeneous landscape into a mosaic of pavements, buildings, and urban green areas: not only managed (e.g. parks, gardens), but also various types of wastelands. Although the word wasteland has many meanings, usually they are perceived as apparently empty, neglected (Gandy 2013 ) abandoned sites with spontaneous vegetation. They are found in areas affected by industrial activity (Gallagher et al. 2011; Kattwinkel et al. 2011) , after demolition of industrial buildings and warehouses, and near abandoned infrastructure (Albrecht et al. 2007; Fischer et al. 2013a, b; Gardiner et al. 2013) . Moreover, in the course of urban development, farmland is commonly transformed into built-up areas, which become significant (in terms of area) components of urban open space.
Wastelands covered with plant species growing without human control are often overlooked in protection schemes.
However, despite the fact that the image of these areas is often negative, they may be important due to their high floristic diversity (Maurer et al. 2000; Zerbe et al. 2003) . Lack of management of urban wastelands encourages varied plant populations to be maintained (Öckinger et al. 2009 ). Apart from native species, urban wastelands often harbour exotic plants (Godefroid et al. 2007; Muratet et al. 2007 ). Wastelands are also very dynamic in space and time. They appear and disappear as a result of demolition or construction of residential buildings and changes in infrastructure and green areas. Wastelands of different ages include different stages of vegetation, ranging from pioneer to pre-forest stages, and consequently harbour different communities of plants and animals. Other important factors are the distance between different wasteland areas and their isolation. Higher isolation and distance between convenient habitats act as a factor limiting the occurrence of some species, especially small bees whose foraging range is approx. 150-600 m from the nesting site (Gathmann and Tscharntke 2002) . Connectivity between wastelands influences the biodiversity of wastelands, although to a lesser extent than the local features (Bonthoux et al. 2014) .
The variable character of towns and cities (e.g. in respect of their size, age, population density, and rate of urbanization) results in various forms and locations of wastelands in urban areas (Rupprecht and Byrne 2014) . For instance, recently created towns are characterized by a larger contribution of open, unmanaged habitats (Hahs et al. 2009 ), as compared with older administrative units. Simultaneously, differences in the shape and size of wastelands may influence the role played by them in the landscape. Nevertheless, irrespective of their size, they "fill" and supplement the environmental space of towns and cities, simultaneously ensuring the continuity of resources, which is regarded by many authors as a significant factor affecting biodiversity (Niemelä 1999; Savard et al. 2000) .
Wild bees, as the most common pollinators, provide crucial ecosystem services in both natural and anthropogenically modified habitats. In urban areas, protective measures are undertaken more and more often to improve their living conditions (construction and installation of bee houses) and to increase the amount and availability of food resources (propagation of bee forage plants, green roofs) (Colla et al. 2009; Tonietto et al. 2011) . However, to a large extent, protective measures are undertaken in formally managed green areas, i.e. in urban parks, public and private gardens, and socalled "ecological areas", which are partly protected. That is why we know a lot about the role of managed urban green areas (Matteson et al. 2008; Lermann and Milam 2016; Lermann et al. 2018; Normandin et al. 2017 ) and urban forest ecosystems (Carper et al. 2014; Banaszak-Cibicka et al. 2018) in shaping the diversity of bees. In contrast, the significance of unmanaged areas, so-called "unproductive spaces") is not only poorly studied but until recently also marginalized in respect of their environmental value.
Urban habitats can be considered as attractive to bees when they provide habitat features necessary for their survival, including the abundance and diversity of flowering plants as forage and a variety of suitable nesting sites. The attractiveness of habitat types can be assessed on the basis of the observed number of bee species.
Spontaneously developing wastelands offer a number of features which are beneficial to bees and do not occur in developed areas. One such feature is permeable soil devoid of vegetation, which provides convenient nesting sites for many species. Another crucial aspect is the presence of native psammophilous or ruderal plant species which do not require care (such as watering) and are an important source of food, especially in the summer. Hence, due to the different habitat conditions, wastelands complement and support natural bee resources found in urban ecosystems. Moreover, at the city scale, they usually constitute a significant part which should be taken into account in urban planning.
Our study was aimed to assess the environmental value of urban wastelands for the survival and protection of wild bees. Hence we determined: (1) which types of wasteland support a high diversity of Apiformes; (2) which features of wastelands are crucial for their attractiveness to bees; (3) which bee species are indicators of the studied habitat types; and (4) how the wastelands should be managed, particularly in the context of biodiversity preservation and development in urban habitats.
Materials and methods

Study area and study sites
Field research was conducted in 2016 and 2017 in 14 wastelands located in the city of Bydgoszcz in northern Poland (53°7′24.6″N, 18°0′27.43″E). Although Bydgoszcz is one of the largest cities in Poland (population about 360,000, area 176 km 2 ), it has remarkable environmental values thanks to its location on the river Brda, at its confluence with the Vistula, and the high forest coverage of the adjacent areas. The city is characterized by highly variable land relief, with flat areas of the Vistula valley and its broad glacial valley as well as steep edges of the valley and undulated tops of moraines. As a result of the shape of the terrain, the city is located at an altitude of 28-96 m.
For this study, seven types of wastelands were selected: [A] (Figs. 1, 2, 3) . We analysed each type of wastelands in two sites.
The wastelands examined were open spaces with high exposure to sunlight. The sites [A-C] located in the suburbs, bordering with multi-family residential buildings (about 50-100 from blocks of flats), are often used for sports and recreation. The remaining wastelands were (Figs. 1, 2, 3 ).
All the investigated wastelands differed in stages of ecological succession and were covered mostly with synanthropic herbaceous vegetation. The dominant grass species in those habitats were Poa pratensis L., Calamagrostis epigejos (L.) Roth, and Elymus repens (L.) Gould, while the dominant woody species was Pinus sylvestris L. All the plant species recorded at the wastelands are listed in Online  Table A1 . The plant species nomenclature was adopted after Flora Europaea (Rutkowski 2004) . 
History of land use in the wastelands
Bee sampling
Insects were caught in 2016 (sites C; D; G) and in 2017 (sites A; B; E; F) from May to August (once a month). Research was conducted after obtaining oral consent from owners and managers of the land and in accordance with applicable law. At each site, bees were collected using the transect method (transects 200 m long and 1 m wide) (Banaszak 1980) . Bee collection along each transect lasted about 30 min by two researchers. The number of transects depended on site area: 2 transects (0.5 h) for ≤ 5 ha, 4 transects (1 h) for 6-10 ha, 6 transects (1.5 h) for 11-15 ha, and 8 transects (2 h) for > 15 ha. In total, 4900 samples were taken (70 transects × 5 months × 14 sites). The insects were collected when the weather was favourable for bee activity, i.e. with no or very little wind (< 3 on the Beaufort scale), when the visibility of a cloudless sky was at least about 70%, and at temperatures in summer exceeding 16 °C (Krauss et al. 2009 ). All the sites were located at least 1.5 km apart. The specimens were mounted and identified to species level, except for bumblebees and easily distinguished species, which were identified alive during field research (McFrederick and Le Buhn 2006) .
The names of species and information on their social behaviour (solitary, eusocial, cleptoparasitic) , nesting sites (soil, hive, cavity), food preferences (oligolectic, polylectic) , and body size (small < 8 mm, medium 8-15 mm, large > 15 mm) follow Banaszak (1993) , Celary (1995) , Scheuchl (1995) , Schmid-Egger and Scheuchl, (1997) , Pesenko et al. (2002) , Pawlikowski and Celary (2003) , and Michener (2007) (Online Table A2 ). For each group, the number of species, the number of individuals, the percentage contributions to the total, and Shannon's index of diversity were calculated. 
Environmental variables
At each site, all plant species were recorded in areas including the transects analysed. Floristic surveys were carried out twice: in spring (May) and summer (July). On this basis we assessed the number of plant species (C1), the percentage of native plant species (C2), the percentage of alien plant species (C3), the percentage of annuals (C4). Simultaneously, we assessed the proportion (in percentage) of each site covered by shrubs and low trees (C5), grasses > 25 cm high (C6), grasses < 25 cm high (C7), blooming herbs (C8), and bare soil (C9). Additionally, we measured the total area of each wasteland (C10) on the basis of topographic maps on a scale of 1: 2000, using ArcGis software and direct field research.
Using a nominal scale, we also assessed: the degree of habitat isolation (C11) 0 = open site, with only single shrubs/ trees, non forest or high buildings as flight barriers within 100 m, 1 = single houses or allotments with built structures or dense shrubs/trees as low flight barriers within 100 m. We calculated this variable based on the surrounding area of each cardinal direction (north, east, south and west) from of the site's borders. Each of the borders was sorted into one of two categories and was given respective points ranging from 0 to 1. The points of all four directions were added up to obtain a single isolation score for each site with 0 being the lowest, and 4 being the highest possible score (after Fischer et al. 2016) ; habitat location (C12) 0 = outside the edge zone of the Vistula valley (altitude < 60 m), 1 = within the edge zone (altitude > 60 m), type of habitat management (C13) 0 = lack of legal protection, 1 = legal protection as a Landscape Park).
Statistical analysis
The species richness of Apiformes was assessed using rarefaction curves (Gotelli and Colwell 2001) . The computations were performed with Estimates software (Colwell 2006) . The extrapolated bee species richness (the number of observed species and the unobserved ones) was estimated using the Chao1 estimator (Chao 1984) .
The species composition of Apiformes of individual types of wastelands was compared using Sørensen's coefficient (Sørensen 1948) . The similarity of species composition and abundance was analysed on the basis of Morisita's overlap index (Horn 1966) .
Numerical analysis of the collected data was performed using special software: CANOCO v. 4 (ter Braak and Šmilauer 1998) and MVSP 3.22 (Kovach 2002) .
To determine which features of wastelands are crucial for their attractiveness to bees, we used the redundancy analysis (RDA: ter Braak and Šmilauer 1998). Selection of this method was linked with an earlier detrended correspondence analysis (DCA), which indicated linearity of the data used in the analysis (length of the gradient: 2.24 SD). Before statistical analysis, the dependent variable (species) was logtransformed [log(x)]. To assess the significance of the tested variables and canonical axes, we performed a Monte Carlo permutation test with 1000 permutations. We assessed the influence of only statistically significant variables (p < 0.05). The collinearity of variables used in the RDA analysis was tested by calculating the VIF (Variance Inflation Factor) value. Only the variables for which the VIF was < 10 were included in the model.
Generalized linear mixed models (GLMMs) were used to determine differences in the richness and abundance of bees in the suburbs and in residential/industrial districts. Spatial autocorrelation and temporal autocorrelation were verified using the F-test for nested models. The site and month were considered random effects and landscape type (suburbs vs. urban habitats) was considered a fixed effect. P-values were calculated using Wald's degrees of freedom method. The significance of spatial and temporal correlations was assessed with likelihood-ratio test comparing models with and without tested effect. Calculations were made in R package with the lme4 library (Bates et al. 2015; R Core Team 2017) .
To determine the strength of relationship of a species with suburban or urban habitats, we calculated indicator values (IndVal) of bee species (Dufrêne and Legendre 1997) . The IndVal method measures the strength of association of a given species with a given habitat on the basis of relative density and constancy of occurrence of the species in samples. If the IndVal was higher than 0.25, the species was classified as strongly associated with the given habitat. The significance of IndVals was confirmed by a Monte Carlo test with 10,000 permutations. The above analyses were performed in the R software environment (R Development Core Team 2017) with the use of libraries: vegan (Oksanen et al. 2011 ) and labdsv (Roberts 2010) .
Results
Species composition
During this study, we recorded 201 species of wild bees (Hymenoptera: Apoidea) of 32 genera, in total 5915 individuals. They account for 42% of all bee species reported from Poland.
Apart from common species, we recorded also 36 species that are infrequent in Poland, including 23 species (11.4%) that are red-listed in Poland (Banaszak 2002 Table A2 ).
Among the recorded bees, 11 species were dominants (each > 2% of the total catch) (Kasprzak and Niedbała 1981) Table A2 ). As many as 103 species (51.24% of the total) were represented by > 10 individuals, 26 species by single specimens in several wasteland types (12.93%), and 44 (21.89%) were found in only one type of wastelands (Online Table A2 ).
The most numerously represented families were the Halictidae (24.9% of species, 24.9% of individuals), Apidae (22.9% of species, 25.7% of individuals), and Megachilidae (20.9% of species, 13.3% of individuals). In the studied communities, solitary bees accounted for 60.7% of the total species number (63.7% of individuals), while cleptoparasitic bees for 24.9% of species and 11.3% of individuals. The least numerous were eusocial species (14.4% of species, 25% of individuals). Most of the recorded bee species nested in the soil (49.3% of species, 63.7% of individuals), were polylectic (55.7% of species, 73.3% of individuals), and mediumsized (69.7% of species, 72.4% of individuals). Bee species nesting above ground were much less numerous (6.4% of species, 11.6% of individuals), and the same applies to largesized bees (2.9% of species, 5.7% of individuals) (Online Table A2 ).
Attractiveness of habitats
The attractiveness of individual wasteland types was assessed on the basis of the observed number of bee species and estimates made using the Chao1 estimator. The most attractive to bees were the wastelands resulting from extractive industry [C] , where 143 species were recorded, followed by grassy habitats located in the suburbs [A, B] , with 137 and 117 species of bees, respectively (Online Table A2 ). The estimated numbers of bees in those habitat types were 160, 142, and 129, respectively. The least attractive to bees were the habitats directly influenced by chemical industry [G] , where only 49 bee species were found (estimated number: 70). Similar relationships were observed also for the number of species and Shannon's diversity index, i.e. wastelands A-C were characterized by the highest values of the analysed indices, while types E-G by the lowest values (Online Table A2 ).
Similarity of communities
The analysis of qualitative similarity (Fig. 4) of bee communities (Sorensen's coefficient) has revealed that their similarity between the analysed habitat types exceeds 50% as a rule. The wastelands in areas directly influenced by chemical industry were exceptional in this respect, as their similarity to the other types was about 40%. Qualitatively 3 habitat types were the most similar to grasslands in the suburbs (the least disturbed habitats): degraded grasslands closer to the city centre (similarity 0.780), extraction pits and their vicinity (similarity 0.760), and old fields (similarity 0.698) (Table 1, Fig. 4) .
The analysis of quantitative similarity of Apiformes (Morisita's overlap index) (Fig. 4) also revealed that the most distinct bee communities of wastelands were those directly affected by chemical industry or located in the former military training area. Their similarity to the other habitat types was in most cases lower than 50%. Quantitatively, the same three habitat types were the most similar to grasslands in the suburbs: degraded grasslands closer to the city centre (similarity 0.687), extraction pits and their vicinity (similarity 0.772), and old fields (similarity 0.551) (Table 1, Fig. 4 ).
Factors that influence species distribution
Using RDA, we identified which features of the wastelands influence most strongly their attractiveness to wild bees. After excluding statistically non-significant variables (grasses > 25 cm high, bare soil), the collinearity of the data was tested. The VIF factor was > 10 for the following parameters, which were excluded from further analysis: the number of plant species, the percentage of native plant species. The occurrence of species was significantly affected by 9 variables: coverage of shrubs and low trees (C5), location (C12), degree of isolation (C11), percentage of annuals (C4), percentage of alien species (C3) (p = 0.001 in each cases), coverage of blooming herbs (C8) (p = 0.002), management (C13) (p = 0.006), grasses < 25 cm high (C7) (p = 0.029), and area of the wasteland (C10) (p = 0.039) (Fig. 5) . The occurrence of most of the species was negatively correlated with the increasing isolation of wastelands and increasing contributions of alien species, annuals, and grasses < 25 cm high, while positively with the other factors (Fig. 5) . Values of indices describing the structure of bee communities in individual types of wastelands and detailed characteristics of their vegetation structure (= environmental variables) are presented in Table 2 .
Changes in the richness and abundance of bees: suburbs versus urban habitats
The analysis has shown significantly higher richness (p =0.004) and abundance (p < 0.001) of bees in wastelands located in the suburbs, compared to residential/industrial districts (Table 3) . In the suburbs, the proportion of the following species categories increased with regard to richness: solitary (p =0.002), eusocial (p =0.008), nesting in the soil (p <0.001), polylectic (p = 0.001). Also, in the case of all species belonging to the distinguished size categories (small, p =0.011; medium, p =0.004; large, p =0.014), the richness increased in environments on the outskirts of the city (Table 3) . However, no differences were found for cleptoparasitic, hive, cavity and oligolectic species.
Similar correlations were found in species abundance. However, in this case, no additional differences were found for species with large body size (Table 3) . 
Indicator species: suburbs versus urban habitats
We identified 17 indicator species (IndVal method), and nearly all of them (16: Andrena falsifica, A. flavipes, A. fulvago, A. gravida, A. nigroaenaea, A. subopaca, A. ventralis, H. leucaheneus, H. sexcinctus, H. quadricinctus, Lasioglossum laevigatum, L. majus, Megachile circumcincta, Melitta leporina, Nomada fucata, N. succincta) were associated with suburbs, while only one species (Hylaeus gibbus) was associated with urban habitats. The abundance of indicator species linked with suburbs varied from 13 to 259 individuals per site, while frequency, from 83.3% to 100% (Table 4) . The genus Andrena was represented by the largest number of indicator species. Numbers of species of this and other genera were similar in urban and suburban habitats (Table 4) .
Discussion
In spite of the potentially negative effects of urbanization, towns and cities play an important role in shaping the species diversity of Apiformes (McIntyre and Hostetler 2001) . For example, one-third of the known bee species of France were recorded in Lyon (Fortel et al. 2014) , about 262 bee species in Berlin, Germany (Saure 1996) , 110 species in New York, USA (Fetridge et al. 2008) , while in Poland 206 in Poznań (Banaszak-Cibicka and Banaszak 2011), 203 in Łódź (Kowalczyk et al. 2008 ) and previous research in Bydgoszcz 197 (Banaszak 2008) .
The results of this study show that some types of urban wastelands can be important habitats for wild bees. This is evidenced not only by the high species diversity and abundance of bees, but also the presence of rare species, including 23 red-listed ones. Their presence indicates the role of the analysed habitats in nature conservation. Results of other European studies also confirm that urban wastelands are characterized by high species richness, in most cases, they can harbour more species than other urban green spaces (Eyre et al. 2003; Small et al. 2003; Bonthoux et al. 2014 ).
Ecological characteristics of species found in wastelands
We found that a majority of the bee species recorded at the study sites were solitary. At the same time, the number of eusocial species was comparable to that reported in another study (Banaszak-Cibicka et al. 2018) . However, the contribution of cleptoparasitic species was relatively high (25% of the total). Cleptoparasites usually constitute approx. 15-20% of species in bee assemblages (Wcislo and Cane 1996) . It is assumed that in stable assemblages the ratio of parasites is higher (Calaburg 2000) . Lack of parasites or their low ratio in the community points to the instability of the host species population. This may stem from the host population being newly founded or characterized by large fluctuations in abundance. It may also be caused by the fact that the presence of the host species is ephemeral and does not result from nesting in a given place. According to Cane (2005) , cleptoparasitic species are very rare in urban environments. This has been confirmed in studies conducted in parks and gardens in Poznań -12.5% (Banaszak-Cibicka and Żmihorski 2012) and in gardens in New York -5.6% (Matteson et al. 2008) . The high ratio of cleptoparasitic species in the wastelands studied indirectly indicates that these habitats offer convenient living conditions for large and stable populations of host species (Cierzniak 2003) . In this study, polylectic species prevailed, using various plant species as sources of food. This pattern is consistent with the patterns reported from other urban ecosystems (Fetridge et al. 2008; Matteson et al. 2008; Tonietto et al. 2011; Banaszak-Cibicka and Żmihorski 2012) . Simultaneously, the number of recorded oligolectic species was also relatively high, which may result from the specific location of Bydgoszcz. It is situated at the edges of the Vistula valley, whose slopes are partly covered with xerothermic and sandy grasslands. Since sheep grazing was discontinued there (about 20 years ago), the habitats are subject to gradual degradation, associated with ecological succession on the slopes. However, some rare thermophilous plant species are still found there, e.g. Campanula sibirica or Salvia pratensis.
Beside food resources, another factor affecting bee diversity is the availability of suitable nesting sites and substrates (Potts et al. 2005) . Many bee species nesting in the ground prefer permeable sandy or loamy soils, with good light conditions (Cane 1991) , which dominated in the analysed areas. That is why ground-nesting species were also abundant in the studied communities.
Attractiveness of wastelands
Urban wastelands are often distinguished by the composition of their flora and fauna. Such a different species composition is modified both by the spontaneous dynamics of nature and the history of land use at individual sites. In the present study, bee communities in most of the analysed wastelands showed high similarity, both qualitative and quantitative. The most attractive to bees were the wastelands resulting from extractive industry. Also, earlier studies showed that sand pits or gravel pits are important habitats readily colonized by various insect species, including rare ones, with specific environmental or food requirements (Lönnberg and Jonsell 2012; Heneberg et al. 2013) . Quarries belong to specific environments in the landscape with bare soil patches maintained by regular human disturbances and occupied mainly by synanthropic vegetation. Excavations modify the existing habitat conditions and lead to more varied terrain, thus increasing the availability of diverse microhabitats for nesting and appropriate food plants. In contrast, the most distinct and the least attractive to bees were the habitats directly influenced by chemical industry, as they were characterized by the lowest floristic diversity and a high contribution of alien plant species as a measure of habitat transformation.
Factors explaining wasteland biodiversity
Urban wastelands, in contrast to managed parks and gardens, are usually dominated by ruderal plant species (Martins et al. 2017) . Many of them, e.g. Arctium lappa, Ballota nigra, Echium vulgare, Malva neglecta, Ranunculus repens or Sonchus arvensis, are bee forage plants. Moreover, their existence in wastelands ensures continuity of food resources for bees. Since bees are completely dependent on plant food, the diversity and abundance of blooming plants are dominant factors shaping the natural resources of bees.
Our results show that the location of some study sites in the suburbs at the edges of the Vistula valley or outside the valley, in industrial zones, was one of the major factors significantly affecting the occurrence of species. Peri-urban areas can support very diverse pollinator assemblages and can have the source role for animal populations in cities (Hinners et al. 2012) . Suburban insect assemblages can be even comparable to the natural areas, but this capacity is strongly affected by local habitat quality. However, the major factors increasing the natural resources of bees were coverage of blooming herbs as well as shrubs and low trees. Our findings are partly consistent with the results of other studies. There is no doubt that the increase in abundance of blooming plants has a positive influence on bee diversity (Steffan-Dwenter and Tscharntke 2000; Kearns and Oliveras 2009 ), but an increase in coverage of shrubs is not always positively correlated with an increase in bee diversity (Banaszak-Cibicka et al. 2016 ). In our study, a significant role as a source of bee forage in spring was played by a shrub community composed of many species (Rubo fruticosi-Prunetum spinosae), including mostly low shrubs, e.g. Prunus spinosa and species of the genera Crataegus, Rubus, Euonymus, Lonicera, and Ribes. Patches of this community usually develop on potential sites of former oak-hornbeam forests, in less accessible places that are not used by agriculture (crests of hills, steep slopes). This plant community is also characteristic of edges of railway routes, roads, and industrial areas. It seems that in our study the presence of small wooded patches rich in nectar-and pollen-producing species, not only enriched their food resources but also increased the heterogeneity of the habitat, which is a significant factor determining the natural resources of Apiformes (Meyer et al. 2007; Diacon-Bolli et al. 2012) . Nevertheless, no significant relationship was observed between the percentage contribution of bare soil and bee diversity. We found, however, that the sites covered with low grasses, e.g. Corynephorus canescens L., were not preferred by bees, which could be related to limited food resources in such places.
Factors influencing species distribution
We found that post-industrial wastelands, old fields, and areas where buildings had been demolished with a high diversity of native flowering plants were attractive to bees regardless of their location (suburbs vs. urban areas). Thus our findings suggest that some of the degraded areas can also serve as favourable habitats for wildlife, and contribute to the creation of the network of urban green areas. Similar conclusions have also been drawn by Threlfall et al. (2015) and Tommasi et al. (2004) , who reported that marginal habitats are important for the protection of wild bees in urban ecosystems. When planning the possible use and inclusion of such habitats in the overall environmental balance of the city, it is necessary to take into account their sizes, connections with other green areas, and to assess the degree of their degradation. We found that an increase in isolation of the habitat patches, and transformations of habitats (measured on the basis of the contribution of alien species to plant communities) were negatively correlated with the number and abundance of wild bees, while positively with the size of wastelands. Similar conclusions have been drawn also by other researchers (Cierzniak 2003; Fischer et al. 2016) , who indicated that the isolation and size of habitats are some of the major factors limiting the resources of bees. The proximity of attractive green areas facilitates the penetration of species into cities and the exchange of species between populations. The greater the distance between these areas, the more difficult it is for the bees to move between them. This is particularly important for small bee species that do not cover large distances to forage or find suitable nesting sites. Since the flight range is related to the size of the body (Westrich 1989; Greenleaf et al. 2007 ), the ranges vary depending on the species (Gathmann and Tscharntke 2002; Knight et al. 2005; Wojcik and McBride 2012) . Therefore, links between habitats are considered an important factor increasing biodiversity (Niemelä 1999; Savard et al. 2000) .
Suburbs versus urban areas
Our research has shown a significantly higher richness and abundance of bees in wastelands located in suburbs compared to the urban areas. Among the species associated with the suburbs, solitary bees nesting in the soil and using various species of flowering plants were the most abundant group. At the same time, there were no differences in the richness of cleptoparasitic species found in the two zones compared. Differences were, however, observed in their abundance. The higher abundance of parasitic species in the suburbs probably resulted from the fact that most of the identified species were cleptoparasitic bees of the genus Andrena, which particularly preferred habitats located on the outskirts of the city. Similarly, there were no differences in species richness and abundance oligolectic species between the zones studied. This is probably related to the high occurrence of synanthropic (often ruderal) plant species from the Asteraceae, Fabaceae and Lamiaceae families in urban habitats. These species are attractive for oligolectic bees associated with a given type of flowering plants.
A comparison of percentage contributions of individual species in urban and suburban habitats shows that out of the 17 species with a high constancy of occurrence, as many as 16 were associated with the suburbs, and only one, Hylaeus gibbus, was characteristic of urban wastelands. The large number of indicator species found in the suburbs suggests that living conditions for bees in those habitats are much more favourable than in urban ones. In this context, we suggest that the managers of those areas should pay special attention to the maintenance of a proper structure of their vegetation.
Recommendations for conservation and management
Undoubtedly a lack of management in wastelands (Gardiner et al. 2014 ) increases the stability of native flora, often replaced in revitalized parks by ornamental exotic species of cultivated plants, but does not improve the condition of habitats threatened with ecological succession, which in temperate climate is always directed towards formation of shrub communities followed by forests (Bornkamm 2006) . Forest communities of the temperate zone are characterized by a lower diversity of Apiformes than sunny open habitats. Hence, the recommended vegetation structure is grasslands with small patches of shrubs and low trees, which enable survival of species with various environmental requirements.
The EU Biodiversity Strategy to 2020 (European Union 2011) assumes that the improvement of knowledge of ecosystems and their services in the EU can help to maintain nature in good condition. One of the targets of this Strategy is to maintain and restore ecosystems and their services by establishing green infrastructure. It seems that the appreciation of the role of some types of wastelands in any European countries can be a chance to increase the range of services, especially of regulatory services (e.g. pollination by insects) or cultural ones (e.g. possibility of recreation, tourism, aesthetic values). Wastelands can be included in urban planning schemes as temporary locations and new types of urban greenery (Kowarik 2011) . Examples of such actions can be found in Leipzig (Rall and Haase 2011) and Berlin (Kowarik and Langer 2005) . To achieve this target, public opinion and decision-makers should start to treat wastelands as parts of the urban ecosystem (Threlfall and Kendal 2018) . The increasing environmental awareness of the society may help to promote the proper management of such areas so that both people and animals could use the same green areas (Middle et al. 2014; Goddard et al. 2009 ).
Conclusions
Although the environmental value of wastelands is appreciated more and more often (Fischer et al. 2016) , so far they have been rarely intentionally used to support urban biodiversity. Undoubtedly proper planning of urban space should be based not only on designating urban wastelands for residential development but also on taking into account the benefits resulting from various types of land use, which fulfil various ecosystem functions. Urban wastelands are characterized by high variability, resulting from land use in the past, location in the landscape, and successional transformations. Our results show that some types of wastelands can be environmentally valuable spaces and should be cared for, very much like urban managed green areas.
